Loss of p53 suppressor function, through mutations or inactivation of the p53 pathway, occurs in most human cancers. SGT-53 is a liposomal nanocomplex designed for systemic, tumor-targeting delivery of the wt p53 gene. In this nanodelivery system, an anti-transferrin receptor single-chain antibody fragment serves as the targeting moiety. In an initial phase 1 trial in patients with advanced solid tumors, SGT-53 demonstrated tumor-specific targeting, was shown to be well tolerated, and was associated with an antitumor effect in several patients. Our preclinical studies have also demonstrated enhanced antitumor activity with the combination of SGT-53 and docetaxel. Thus, this doseescalation trial was undertaken to assess the combination of SGT-53 and docetaxel for safety and potential efficacy in 14 advanced cancer patients. Results reveal that the combination of SGT-53 (maximum dose, 3.6 mg DNA/infusion) and docetaxel (75 mg/m 2 /infusion) was well tolerated. Moreover, clinical activity involving 12 evaluable patients was observed. Three of these patients achieved RECIST-verified partial responses with tumor reductions of −47%, −51%, and −79%. Two others had stable disease with significant shrinkage (−25% and −16%). These results support phase 2 testing of SGT-53 in combination with docetaxel.
INTRODUCTION
The p53 gene (TP53) is an important tumor-suppressor gene in humans that has been implicated in a wide range of cellular processes (regulation of cell cycle checkpoints, cell death, senescence, DNA repair, maintenance of genomic integrity, and control of angiogenesis). [1] [2] [3] [4] [5] [6] The loss of such critical tumor-suppressor activity is believed to be responsible for the involvement of p53 in a broad array of human tumors. Abnormalities in the p53 tumorsuppressor gene have been reported in over 60% of human cancers, [7] [8] [9] [10] and in certain subtypes of cancer such as triple-negative breast cancer, lung cancers and high-grade serous ovarian tumors, p53 mutations can be found in up to 80% of patients. 11 Loss of p53 function has been found to impact the efficacy of standard anticancer treatments, such as radiation and chemotherapy, i.e., cells lacking p53 are more resistant to radiation and chemotherapy. 12, 13 Because of the high frequency of mutation and/or inactivation of p53 in human cancers and its impact on response to standard therapies, p53 has been considered to be an important therapeutic target although p53-based therapy is challenging since a gain of p53 function rather than its inhibition is desirable. Restoration of p53 function has been demonstrated to enhance sensitivity to standard therapeutic modalities and to result in tumor regression in a number of different animal models. [14] [15] [16] [17] [18] [19] A number of approaches have been employed to exploit p53 as a target for the treatment of cancer. 20 These include conversion of mutant p53 to a form with wild-type properties via small molecules such as PRIMA-1; prevention of p53 degradation by low-molecular-weight MDM2/4 antagonists which prevent MDM2-p53 interactions (e.g., nutlins); exploitation of the principle of synthetic lethality gene (SLG); and gene therapy using delivery systems such as adenovirus and liposomes. 21, 22 Currently, ~80 gene therapy clinical trials employing p53 have been initiated or conducted worldwide and this number is likely to increase over the coming years. Introduction of wt p53 by various viral gene therapy delivery systems, in particular retroviral and adenoviral vectors, has been reported to suppress the growth of various types of malignancies in both in vitro and in xenografts in mouse models. The types of malignancies studied include leukemia, prostate, head and neck, colon, cervical, glioblastomas, breast, liver, ovarian, kidney, and lung tumors. [23] [24] [25] [26] [27] Several gene therapy clinical trials using adenoviral delivery to restore functional p53 have been initiated or conducted [28] [29] [30] [31] [32] in which intratumoral administration resulted in both complete local positron emission tomography/computed tomography (PET/CT)imaging response 33 and biopsy-documented pathological complete responses (when administered in conjunction with radiotherapy). 34 Recombinant adenoviral p53 vectors have also been studied in small clinical trials in patients with hepatocellular cancer, ovarian cancer, esophageal cancer, and gliomas. 35, 36 Despite impressive local tumor responses, this approach involving viral delivery and intratumoral injection of the primary tumor lacks the ability to treat the metastatic disease that is actually responsible for most cancer deaths. 37 Gene therapy systems using nontargeted cationic liposomes that also involve intratumoral injection share this inability to treat metastases.
One of the major obstacles to effective p53 gene therapy is the development of a systemic gene delivery system that can specifically and efficiently reach both primary and metastatic tumor cells. A tumor-targeting immunoliposome complex (termed SGT or scL) for delivery of molecular medicines has been developed to address this need. In this nanosized complex, the payload is encapsulated within a cationic liposome the surface of which is decorated with a single-chain antibody fragment targeted to the transferrin receptor (TfR) as the targeting moiety (the singlechain antibody fragment is termed TfRscFv). The TfR is highly expressed on tumor cells, and the receptor and its ligand are internalized into the tumor cells via receptor-mediated endocytosis. 38 The specificity of this complex in targeting tumors in preference to normal cells has been well established both in vitro and in vivo (in mice). [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] We have shown that, when systemically administered, this nanosized complex can efficiently target both primary and metastatic tumors in animal models, including delivering the nanocomplexed payload across the blood-brain barrier to target brain tumors. [49] [50] [51] SGT-53 is a nanocomplex that contains a normal human wt p53 cDNA. In preclinical studies, systemic administration of SGT-53 demonstrated not only the ability to target tumor cells throughout the body with exquisite specificity but also displayed significant antitumor activity. Furthermore, a variety of types of tumors treated with SGT-53 were shown to be sensitized to conventional radiation/chemotherapy, [17] [18] [19] 41 resulting in tumor growth inhibition and long-term regression. 39, 40 SGT-53 recently completed a phase 1a human clinical trial as a single agent for systemic delivery of wt p53 for the treatment of solid tumors. In this first-in-man testing of SGT-53, the nanocomplex was very well tolerated at all of the doses tested which ranged from 0.6 to 3.6 mg DNA/infusion, including the highest dose (3.6 mg DNA/infusion). No maximum tolerated dose (MTD) was reached and 95% of the adverse events (AEs) experienced were grade 1 and 2. Moreover, an antitumor effect was observed in several patients, even at an SGT-53 dose as low as 0.6 mg DNA/infusion. 22 Significantly, using paired DNA polymerase chain reaction analysis of biopsied tumor and uninvolved skin, a tumor-selective, dose-dependent level of the transgene was detected in malignant metastatic tissue from three patients 22 but not in their normal tissue. As no MTD was reached in this phase 1a trial and a dose of 3.6 mg DNA/infusion was well tolerated, this dose was selected for use in this phase 1b combination trial.
Preclinical in vivo studies have demonstrated significantly enhanced antitumor response to the combination of SGT-53 and docetaxel compared to docetaxel alone. Based upon the positive results for safety in the phase 1a trial, and the significant efficacy observed in in vivo preclinical studies with the combination of SGT-53 and chemotherapeutic agents, including docetaxel, further clinical studies with SGT-53 in combination with docetaxel appeared warranted. Therefore, phase 1b testing was initiated to determine the safety of the combination of SGT-53 plus docetaxel and to assess the therapeutic potential of this combination treatment in patients. The results reported here demonstrated that the addition of SGT-53 to conventional docetaxel therapy did not increase the number or intensity of AEs compared to docetaxel alone. Furthermore, impressive patient responses were observed.
RESULTS

Patient characteristics
A total of 14 patients with metastatic, refractory cancer who had been previously treated with standard therapies and who had no further standard-of-care options were entered into this phase 1b trial ( Table 1) . All of these patients (median age of 58.5 years (range 33-77years)) had received prior chemotherapy with a variety of agents. A total of 11 (78.6%) had received at least one taxane-based regimen: 8 of the 11 (72.7%) with paclitaxel and 3 of the 11 (27.3%) with docetaxel. Among these 11, 3 (27.3%) had prior treatment with both paclitaxel and docetaxel. These patients suffered from a variety of tumor types. The primary disease site, as well as the sites of the target and nontarget lesions, including metastases, is given in Supplementary Table S1 . The patients were enrolled in cohorts with increasing doses of SGT-53 (2.4 or 3.6 mg DNA/infusion) and/or docetaxel (40, 60, or 75 mg/m 2 ) ( Table 2) following the treatment schedule given in Table 3 . These DNA doses are equivalent to preclinical DNA doses of 10 and 15 μg/mouse, respectively, which had been found to be efficacious in animal studies. Patients received a median of 10 infusions of SGT-53 and 3 infusions of docetaxel. Two patients received two cycles of treatment for a total of 20 infusions of SGT-53 and 6 of docetaxel. A treatment summary for each of the patients, including cohort, tumor type, and number and doses of SGT-53 and docetaxel administered, is given in Table 4 .
Safety
All 14 patients enrolled in the trial received at least one infusion of SGT-53 and docetaxel and were included in the evaluation of safety. No treatment-related deaths occurred. There were 106 incidents of AEs classified as at least possibly related to SGT-53 over the course of the study. The frequency of AEs that occurred more than once (as percent of total incidences) is given in Supplementary Table S2 .
A listing of the AEs that occurred in ≥14% of the patients are given in Table 5 . The majority of the AEs reported were grades 1 and 2. They consisted primarily fever (reported in 43% of patients), intermittent diarrhea (reported in 36% of patients), and anemia, chills, dehydration, and thrombocytopenia all reported in 29% of patients. Grade 1/2 hypotension, intermittent fatigue, and tachycardia were observed in 21% of the patients. Tachycardia was only recorded in patients in cohort 3. With regards to grade 3/4 AEs, only anemia, neutropenia, and hypophosphatemia occurred in >10% of the patients. However, none of the grade 3/4 AEs recorded were classified as definitely related to SGT-53. Moreover, only three grade 4 AEs were categorized as even possibly or probably related to SGT-53, one incidence each of neutropenia (patient ID #02-024), thrombocytopenia (patient ID #02-031), and leukopenia (patient ID #02-031). This was the only instance of leukopenia that occurred in the trial.
There were six serious adverse events reported during this study. Of these, five were classified as completely "unrelated" (patient ID #02-018, 02-019, 02-024, 02-029) or "unlikely to be related" (patient ID #02-037) to the SGT-53 study drug. One (patient ID #02-018) was classified as "possibly related" due to an unplanned hospitalization for nausea, vomiting, and neutropenia. While unable to rule out an involvement of SGT-53 in this serious adverse event, the neutropenia was considered to be more likely related to administration of docetaxel.
Only two patients experienced a dose-limiting toxicity (DLT) event during this study: patient ID #02-018 for neutropenia and #02-024 for neutropenia/syncopal episode. After these DLTs in the first patient in cohorts 1 and 2, respectively, three more patients were enrolled in each cohort and no additional DLTs occurred. More significantly, there were no DLTs in cohort 3, the highest levels of both SGT-53 (3.6 mg DNA/infusion) and docetaxel (75 mg/m 2 /infusion). Therefore, no MTD was reached in this trial, and the cohort 3 dose would be the recommended phase 2 dose.
Tumor responses
Of the 14 patients enrolled in the study, 12 were evaluable for tumor response. One patient (patient ID #02-018) went off study after one dose each of SGT-53 and docetaxel because of a DLT and was not evaluable. A second patient, ID #02-024 who had received two doses of SGT-53 and one of docetaxel, was also removed from study due to the occurrence of a DLT. The remaining 12 patients had measurable disease as per the Response Evaluation Criteria in Solid Tumors (RECIST) 1.0.
The patient responses are given in Table 6 . Of these 12, two achieved RECIST partial response (PR) (02-023, 02-026), one had an unverified PR (02-029) and two (02-033, 02-035) were classified as stable disease (SD) with significant shrinkage but not >30%. Four additional patients (02-020, 02-030, 02-036, and 02-037) were classified as having SD at the end of treatment but without tumor shrinkage. Patient ID #02-026 (metastatic adenocarcinoma of the esophagus) received a second round of treatment and maintained 58% tumor reduction with no disease progression for ~13 months. Supplementary Table S3 . 
Molecular Therapy
The CT response for this patient showing the decrease in tumor signal after the combination of SGT-53 and docetaxel is shown in Figure 1 . Patient ID #02-033 (male metastatic breast cancer) also received two rounds of treatment. After one round of treatment there was a 25.3% decrease in the sizes of the tumors (primary and metastatic) by RECIST, which was maintained at 23% after the second round. Photographic documentation of the decrease in the primary tumor in this patient over the time of treatment is shown in Figure 2a . Even after ~3 weeks, i.e., only the first cycle, tumor shrinkage was evident. By the end of the second round of treatment at 15 weeks, a dramatic change was evident. Moreover, although not evaluable by RECIST after going off study due to a DLT as described above, there is photographic evidence of tumor response in patient ID #02-024. This individual was diagnosed with angiosarcoma of the scalp that was not considered as targetable tumor by RECIST and metastatic disease to the lymph nodes. This patient received only two infusions of SGT-53 (2.4 mg DNA/dose) and one infusion of 75 mg/ m 2 of docetaxel before going off study. A representative image of the effect of the combination of SGT-53 and docetaxel on the angiosarcoma lesions in this patient is shown in Figure 2b . As shown in this photograph, the tumor has begun to respond and reduce in size.
Although the tumors shown in Figure 2 did not demonstrate RECIST criteria of response, both demonstrated reduction in erosive nature of tumor growth. Another indicator of the response to the combination therapy of SGT-53 and docetaxel is shown by changes in tumor markers ( Table 6 ). Tumor markers were available and values obtained for four of five patients with either ovarian carcinoma (CA125) or breast cancer (CA27-29). All four of these patients showed tumor response by RECIST (SD). With the exception of patient ID #02-020 in cohort 1 (ovarian cancer), these patients also had significant decreases in their tumor markers (38-66% decrease from baseline). However, even in patient ID #02-020, the increase in CA125 was a modest 7%.
DISCUSSION
Cancer radiotherapy and chemotherapeutic agents cause DNA damage that triggers apoptotic cell death via a pathway involving p53. Thus, the lack of a functional p53 pathway present in many cancers confers resistance to both radiotherapy and chemotherapy. 12, 13 Such a correlation between expression of mutant p53 and resistance to chemotherapy has been observed in a number of different types of solid tumor including ovarian, 52 gastric, and colorectal, 53 as well as in hematological malignancies. 54 The use of a combination of therapies to treat cancer is now standard. The rationale behind these new combinations is based upon the heterogeneity of tumors. Using agents that work through different mechanisms may not only avoid the development of resistance, but may result in additive or even synergistic responses. This approach includes not only combinations of chemotherapeutic agents, but also use of chemotherapeutics with other classes of agents, 55 such as biological agents that target biochemical pathways such as Herceptin, oncogenes, or tumorsuppressor genes. Restoration of p53 function through methods such as the small molecule PRIMA-1 analog APR-246 has resulted in synergy with chemotherapeutic drugs including adriamycin and danorubicin in vitro and in vivo. 56 Chemosensitization after restoration of p53 function has also been observed in human clinical trials including a randomized phase 2 study of INGN-225, wherein a p53-modified adenovirus-transduced dendritic cell vaccine appeared to sensitize small cell lung cancer to subsequent chemotherapy. 57 In preclinical studies, we have shown that systemic administration of SGT-53 targeted and sensitized various types of cancer, including brain tumors, to conventional radiation and chemotherapies. [17] [18] [19] 41, 50, 51 In this nanocomplex, the wt p53 gene is under the control of a modified promoter which results in high levels of expression of exogenous wt p53. Using this construct in the SGT-53 nanocomplex in our preclinical studies, we have demonstrated sensitization to radiation/chemotherapy and tumor responses irrespective of the p53 status of the tumors. Thus, in this trial the p53 status of the patients was not determined.
Based upon the findings in the literature, the positive results of the phase 1a trial, as well as our preclinical studies, further clinical studies with SGT-53 in combination with chemotherapy appeared warranted.
Docetaxel is frequently used in combination with other chemotherapeutic agents 58 and more recently has been combined with biological agents in order to enhance efficacy. These include the insulin-like growth factor-1 inhibitor figitumumab against solid tumors 59 ; trastuzumab and pertuzumab for treatment of epidermal growth factor receptor 2-positive breast cancer 60 ; and rituximab (with or without Ibrutinib) against B-cell non-Hodgkin lymphoma. 61 Our own preclinical studies showed that systemically administered tumor-targeted delivery of the wt p53 gene in combination with docetaxel resulted in enhanced long-term survival in a mouse model of metastatic melanoma 39 and substantial inhibition of tumor growth in mouse models of prostate, ovarian, and lung cancers (unpublished data). Thus, this phase 1b trial was undertaken to assess the safety and therapeutic potential of SGT-53 when used in combination with docetaxel for the treatment of a spectrum of solid tumors. The primary objective of this study was to determine the safety of the combination of SGT-53 and docetaxel. As was observed in the previous single-agent trial of SGT-53, 22 overall SGT-53 was found to have a good safety profile at therapeutic doses and no MTD was reached. A similar toxicity profile was observed by Lu et al. 62 in a phase 1 study of a DOTAP:Cholesterol nanoparticle delivering the tumor-suppressor gene TUSC2(FUS1).
As indicated in Table 5 and Supplementary Table S2 , the preponderance of AEs experienced by the patients were grade 1/2. Of these, fever, chills, hypotension, and even fatigue were expected based upon the results of the single-agent trial of SGT-53. 22 Furthermore, with the exception of anemia and thrombocytopenia, the vast majority of the grade 1/2 AEs presented as only one occurrence/patient.
There was a single instance of grade 1/2 neutropenia in cohort 2. In addition, grade 3/4 neutropenia was reported in 21% of patients (one instance in a single patient from each cohort). In the previous phase 1a trial where SGT-53 was administered as a single agent, seven patients received SGT-53 at DNA doses of either 2.4 mg (one patient) or 3.6 mg (six patients), the same DNA doses of SGT-53 being tested here. However, no grade3/4 occurrences of neutropenia were reported when SGT-53 was tested as a single agent. In contrast, neutropenia is the most prominent toxicity associated with docetaxel and can be dose-limiting. Neutropenia occurs in virtually all patients given 60-100 mg/m 2 of docetaxel and grade 4 neutropenia occurs in 75% of patients given 60 mg/m 2 . 63,64 Thus, while involvement of SGT-53 cannot be ruled out, it is more likely that the neutropenia observed in the current trial was related to the administration of docetaxel. Other common side effects associated with docetaxel administration include diarrhea (in up to 43% of patients), anemia (in up to 94% of patients), thrombocytopenia (in up to 39% of patients), nausea/vomiting, sensory neurotoxicity, stomatitis, skin toxicity, and alopecia. 63, 65 Two of the most prominent AEs reported in this trial were anemia and intermittent diarrhea. However, as there were no reports of anemia in the trial of SGT-53 as a single agent, 22 it is likely that SGT-53 treatment did not contribute to the occurrences of anemia observed here. Similarly, the percentage of patients who experienced diarrhea or thrombocytopenia in this trial is also in line with that reported in patients treated with docetaxel alone, suggesting that these AEs were also most likely associated with docetaxel treatment. Therefore, with regards to safety, the data indicate that the addition of SGT-53 to standard docetaxel treatment does not appear to increase the intensity or number of the known docetaxel-related side effects. Correspondingly, the addition of standard doses of docetaxel to SGT-53 treatment does not heighten the mild toxicities observed for SGT-53 alone.
In addition to the safety of the combination therapy, the results of this small phase 1b trial also suggest some potential therapeutic benefit. Two (17%) achieved PR as per RECIST criteria. In addition, one had an unverified PR, two (17%) were classified as SD with significant shrinkage but not >30%, and four (33%) had SD at the end of treatment without tumor shrinkage. Moreover, of these nine patients six (67%), including two of the three with a PR (patient ID #02-023 and #02-029), and a patient with SD (patient ID #02-033 who had tumor decrease of 25.3%) had received and failed previous chemotherapy with taxol. Patient ID #02-024, in whom there was photographic evidence of tumor response, had also failed prior taxol therapy. Thus, the percent of patients showing at least SD in response to treatment with SGT-53 and docetaxel, ~67% of whom had failed prior taxane treatment, suggests the promise of this SGT-53 combination strategy as a means to increase the response to chemotherapy. The dose used here was 3.6 mg DNA/infusion. It is possible that in future trials, a higher dose would result in additional responses.
Although this phase 1b study was small, the positive results obtained warrant further investigation of the combination of SGT-53 and chemotherapy in larger phase 2 trials.
MATERIALS AND METHODS
Study population. The intended study population included subjects with biopsy-confirmed diagnosis of solid tumors who had exhausted or declined all treatment options that would provide substantive palliation and have tumors for which docetaxel is an appropriate therapy. The study participants were required to have measurable disease on imaging studies and/or physical examination and life expectancy of >12 weeks. The study population was registered through the Mary Crowley Cancer Research Center, Dallas, Texas.
Study design and objectives. This trial (Trial Registration ID: NCT00470613
) was an open-label, single-center, sequential dose-escalating phase 1 trial evaluating the safety and potential activity of the combination of SGT-53 and docetaxel in subjects with solid tumors and who had been offered all standard or approved therapies. The primary objectives of this phase 1b study were to evaluate the safety of SGT-53 in combination with docetaxel and to assess the potential therapeutic benefit of this combination therapy on tumor size or progression.
SGT-53 (at a starting DNA dose of 2.4 mg/infusion) was administered in a standard 3 × 3 dose-escalation design in combination with docetaxel (at a starting dose of 40 mg/m 2 , cohort 1, cycle 1). This protocol allowed for both inter-and intrapatient dose escalations. SGT-53 was administered weekly, or biweekly, while docetaxel was administered once every 3 weeks based upon the standard of care when using this chemotherapeutic agent. No subject initiated therapy until all preceding subjects had completed all first cycle study agent dose administrations.
Patient accrual would proceed at a rate of 3 weeks between each cohort level cycle 1 and with 3 weeks between the first and the subsequent two patients within each cohort following cycle 1. There would be no interpatient dose escalation (new cohort initiated) until all preceding subjects had completed all first cycle study agent dose administrations.
Patients were treated using standard Fibonacci dose escalation. For cohort 1, which allowed an intrapatient dose escalation if the patient does not experience a DLT in cycle 1, three patients would be enrolled. A cycle is defined as one docetaxel treatment within 3 weeks. Patients completing cohort 1, cycle 1 without DLT at docetaxel 40 mg/m 2 dose escalated to docetaxel at 60 mg/m 2 in cycles 2 and 3. If one of three patients experienced a DLT in cohort 1, cycle 1 then three additional patients would be enrolled at that cohort dose and intrapatient dose escalation discontinued. If any of the three additional patients experienced a DLT, the study would be put on hold and dosing parameters re-evaluated. Cohort 2 (SGT-53 at 2.4 mg DNA/dose and docetaxel at 75 mg/m 2 ) would open 3 weeks after demonstration of 0/3 or ≤1/6 DLTs at docetaxel at 60 mg/m 2 in cohort 1. If one of three patients in cohort 2 experienced a DLT, then three additional patients would be enrolled at that cohort dose. If any of the three additional patients experienced a DLT, the previous dose level would be considered the MTD. In the absence of a ≥1/6 DLTs in cohort 2, cohort 3 would open. In cohort 3, the dose of SGT-53 would increase to 3.6 mg DNA/infusion, and docetaxel would remain at 75 mg/m 2 . Patients completing cohort 3, cycle 1 without DLT at docetaxel 75 mg/m 2 will continue on docetaxel 75 mg/m 2 in cycles 2 and 3. If any of the patients experience a DLT at 75 mg/m 2 docetaxel, the dose of docetaxel for that patient will be reduced to 60 mg/m 2 while the dose of SGT-53 remained at 3.6 mg DNA. Three additional patients would be enrolled. If any of these three patients experience a DLT in cycle 1, the study would be terminated and the recommended phase 2 dose will be SGT-53 2.4 mg DNA/infusion and docetaxel 75 mg/m 2 . If the highest scheduled dose level (SGT 3.6 mg DNA/infusion and docetaxel 75 mg/m 2 ) is reached in the absence of a DLT, a total of six patients will be enrolled at this dose level.
Eligibility criteria. Eligible subjects met the following inclusion criteria: biopsy confirmed diagnosis; had been offered all standard or approved therapies; had solid tumors that could be measured on physical examination or by radiographic imaging studies; had a tumor for which docetaxel would be an appropriate therapeutic agent; were 18 years old or older; had an Eastern Cooperative Oncology Group (ECOG) performance study of 0-2; were able to give protocol-specific informed consent; had recovered from previous therapy (previous docetaxel allowed if treatment concluded >6 months prior to study entry); female subjects of childbearing potential must have had a negative pregnancy test within 7 days before initiation of study drug (postmenopausal women must be amenorrheic for at least 12 months to be considered of non-childbearing potential); male and female subjects of reproductive potential must have agreed to use birth control measures (e.g., condoms or birth control pills) to avoid pregnancy throughout the study and for 3 months following discontinuation of the study drug; have adequate organ function characterized by ≤grade 1 scores defined by CTCAE v3.0 and laboratory values within the following criteria: hemoglobin ≥10.0 gm/dl; absolute neutrophil count (ANC) >1,500/ mm 3 ; white blood cell count >3,000/mm 3 ; platelet count ≥100,000/mm 3 ; prothrombin time/partial thromboplastin time (PT/PTT) <1.5 times the upper limit of normal (ULN); LDH <3 times the ULN; total bilirubin ≤ULN; aspartate transaminase and alanine transaminase <2.5 × ULN with alkaline phosphatase ≤2.5 × ULN; creatinine ≤1.5 mg/dl or creatinine clearance ≥50 ml/minute. Subjects with the following characteristics were excluded: those with prior hypersensitivity reaction to docetaxel; or with signs and symptoms consistent with an active infection; fever (>38.1 °C ); known HIV infection; fasting glucose levels >180 mg/dl; uncontrolled diastolic blood pressure of >90 mm Hg resting at baseline despite medication; an abnormal stress echocardiogram or unfavorable results; have hematological malignancies, known cardiac disease, or a history of cardiac disease; uncontrolled congestive heart failure; unstable angina; significant baseline neuropathies (>grade 2 based upon CTCAE v 3.0); requirement for renal dialysis; requirement for systemic steroids within 30 days prior to study entry; receiving hematopoietic growth factors; receiving anticoagulants other than to maintain patency of venous access lines (≤2 mg warfarin); received an investigational drug within 30 days prior to study entry; received radiation treatment <4 weeks prior to study entry; prior exposure to gene vector delivery products; or received treatment with chemotherapeutic agents <4 weeks prior to study entry.
The study protocol was approved by the Mary Crowley Cancer Research Center (MCCRC) Institutional Review Board, and all patients gave written informed consent before any study procedures were performed. The study was conducted to Good Clinical Practice specifications in accordance with the Declaration of Helsinki and its amendments.
Investigational product. SGT-53 is a ligand-targeted liposomal-plasmid DNA nanocomplex consisting of three components: (i) a plasmid DNA encoding the normal human wt p53 gene, (ii) the targeting component: a recombinant single-chain fragment (scFv) derived from a monoclonal antibody against the human TfR that is known to be elevated on the surface of cells from a variety of tumor types, and (iii) a cationic liposome (DOTAP:DOPE). The complex for this clinical trial was prepared under cGMP conditions by simple mixing of the components in a defined ratio and in a specific order. The complex is formulated with sucrose (10% final concentration) as an excipient. The complex was then vialed and lyophilized. After the lyophilized SGT-53 complex is reconstituted with sterile water for injection, the solution is added to a 5% dextrose intravenous drip for administration.
Treatment. SGT-53 and docetaxel were administered following the schedule given in Table 3 .
SGT-53 was administered at the MCCRC outpatient clinic once or twice weekly for 7 weeks for a total of 10 infusions. Infusion occurred over 2 hours. In the event of an infusion reaction, the infusion was discontinued, appropriate medication administered, and the infusion resumed at a slower infusion rate. A final volume of 150-225 ml of SGT-53 in 5% dextrose was infused intravenously via a newly inserted venous access line or following flushing of an intact central venous line. Infusion was completed within 8 hours of dilution of study agent in dextrose.
For the first infusion only of SGT-53, subjects were monitored for at least 23 hours, and up to 48 hours, from the time of admittance to MCCRC outpatient clinic. The subjects were monitored in the MCCRC outpatient clinic for the first 8 hours after completion of the infusion. In addition, subjects received i.v. fluids for 2 hours after completion of the first infusion, with continued i.v. access for rapid fluid management if necessary. After 8 hours, subjects were then transferred and admitted to Medical City Hospital for the remainder of the observation period to monitor and manage any reactions to SGT-53. During this time, subjects continued i.v. access with maintenance of the 20-gauge catheter for rapid fluid management if necessary. At the end of the 23-48 hours observation period, subjects were discharged if medically stable.
For subsequent infusions, subjects were infused with SGT-53 in the MCCRC outpatient infusion unit and monitored for 2 hours post-infusion, with continued i.v. fluids during this time, before discharge if medically stable.
All patients received dexamethasone 8 mg i.v. 1 hour ± 5 minutes prior to dosing, and a combination of histamine H1 and H2 blockers (e.g., Benadryl 25 mg and Pepcid 20 mg, both i.v.) 30 ± 15 minutes and indocin 25 mg, p.o. ~30 ± 5 minutes prior to receiving SGT-53. All patients also received acetaminophen 650 mg p.o. just prior to SGT-53 administration as prophylaxis for pyretic reactions. Four hours after completion of each infusion of SGT-53, subjects received acetominophen, 650 mg p.o.
On day 3 of weeks 1, 4, and 7, subjects with any SGT-53 related toxicities that have resolved to ≤grade 1 received docetaxel at 40, 60, or 75 mg/m 2 i.v. (depending on cohort) in 250 ml 0.9% sodium chloride infused over 1 hour. Treatment was administered in 21-day cycles until disease progression or a maximum of three cycles. Pretreatment with corticosteroids was performed according to the recommendations on the Information for Prescribers (Package Insert) for docetaxel. Dexamethasone 8 mg p.o. was administered 12, 8, and 1 hours before each treatment with docetaxel. Subjects were observed for 4 hours following docetaxel administration.
Safety evaluation.
Clinical and laboratory assessments for safety were performed before enrolment and at various times throughout the treatment. Physical examination was performed at the start of each cycle and at the end of treatment. Vital signs, hematology, blood chemistry, AE, and concomitant medication queries were obtained at each visit. Urine analysis was performed weekly. ECGs were taken 2 hours after each infusion of SGT-53. All assessments were obtained at follow-up.
AEs were graded according to the CTCAE v3.0 (http://ctep.cancer. gov/forms/CTCAEv3.pdf). The following grade 2 events defined toxicities that would lead to withholding infusions of SGT-53: grade 2 total hyperbilirubinemia, aspartate transaminase, alanine transaminase, dyspnea, and disseminated intravascular coagulation (DIC) if not resolved to ≤grade 1 in 2 weeks. For each of these grade 2 events, the dose of SGT-53 and docetaxel could be held for up to 2 weeks. If the grade 2 event resolved within 2 weeks, then infusion of SGT-53 and docetaxel resumed. For events other than the above, subjects who develop a grade 2 toxicity (except for alopecia) discontinue twice-weekly infusions of SGT-53 until the toxicity level reduces to at least grade 1. If the toxicity did not resolve within 1 week, study drug would be discontinued.
For the purposes of this study, a DLT is defined as all grade 3 or grade 4 toxicities (as defined by CTCAE v3.0) within the first cycle (3 weeks) of SGT-53 administration, and that was determined to be at least probably related to study drug (SGT-53), with the exception of grade 3 fever and chills, or hypotension, which responds promptly to treatment or neutropenia lasting <7 days, with no fever. Any study participant who experienced a DLT discontinued receiving SGT-53. In addition, subjects who received <4 of 10 of the intended drug infusions, due to experiencing grade 2 events that did not resolved as described above and that were determined to be probably related to SGT-53, were considered to have experienced a DLT.
Patients forced to discontinue docetaxel due to a docetaxel-related toxicity (e.g., grade 3,4 hypersensitivity) following cycle 1 continued on SGT-53 as per protocol and are considered as evaluable. Patients remained on the docetaxel dose level assigned to them at the time of enrollment, except in cases where docetaxel dose modification was indicated. Patients must have had an ANC ≥1.5 × 10 9 /l and a platelet count ≥100 × 10 9 /l on day 1 of each cycle. If a patient had an ANC <1.5 × 10 9 /l, treatment with both SGT-53 and docetaxel was held, and a weekly complete blood count, differential, and platelet count obtained. Study medication could resume if ANC had recovered within 1-2 weeks, with or without administration of colony stimulating factor. A grade 4 thrombocytopenia, grade 3 nonhematologic toxicity, elevated total bilirubin would result in a 25% reduction in the dose of docetaxel. In the event of any grade 4 nonhematologic and grade 3 or 4 peripheral neuropathy, all further therapy would be discontinued and the subject removed from protocol.
If total bilirubin is >ULN on treatment day (unless elevation is known to be due to Gilbert's disease), docetaxel treatment would be held until total bilirubin is ≤ULN (maximum 2 weeks), and then treatment continued at a 25% dose reduction. If bilirubin did not return to ≤ULN, treatment with study medication would be discontinued.
In the event that aspartate transaminase and/or alanine transaminase and/or alkaline phosphatase levels were abnormal in the absence of progressive disease, the dose of docetaxel would be reduced by 25% after recovery. No re-escalation and only one dose reduction would be allowed.
Tumor response. Participants were evaluated for response if they received at least one cycle of treatment. Measurable disease was defined as any lesion with clearly defined borders that could be measured with calipers on physical exam or a radiologic median such as on X-rays, computerized tomography, or magnetic resonance imaging. Malignant hepatomegaly, previously irradiated lesions, and lesions visible on the bone scan will not be considered measurable. Standard tumor measurement procedures were followed. Unequivocal new lesion(s) on radiographic imaging were considered to indicate progressive disease. The RECIST 1.0 criteria published in the 2 February 2000 issue of JNCI 66 was utilized to evaluate response. Table S1 . Sites of target and nontarget lesions. Table S2 . Adverse events occurring more than once and at least possibly related to SGT-53 treatment as number of incidences/patient. Table S3 . Other therapies.
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